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Algae has the potential to be a useful source of biomass derived energy due to the high lipid content and rapid growth rate of the organism.  
Currently, there are many methods available to harvest the energy from algae, such as transesterification of lipids to biodiesel or thermal 
gasification of the cells to produce synthesis gases.  A new approach was identified to use algae in a biological gasification process in which the 
algal cells were digested into methane.  By using biogasification, traditional thermal processes requiring large amounts of thermal energy input 
can be replaced by methods that require minimal additional input of energy, thus raising the overall energy efficiency of the system.  Initial 
experiments obtained 248 L methane/kg Volatile Solids algae and still increasing.  Using algae has the potential to more than double the available 
methane production over traditional terrestrially derived biomass under optimized growth conditions given these results. 
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A schematic for taking the two main types of algae, micro‐ and macro‐, and converting into 
useful energy sources.

Some microalgal species are capable of producing hydrogen in an anaerobic environment, 
while nearly all species of microalgae are capable of producing useful amounts of lipids, 
carbohydrates, and biomass.

Macroalgae can produce large quantities of carbohydrates and biomass, yet are not 
capable of generating lipids or hydrogen.

From each of these components, a different source of energy can generated.





Anaerobic digestion is the process of microbially decomposing organic matter in an oxygen‐
free environment in order to produce methane and carbon dioxide.  The methane that has 
been generated can then be combusted for energy recovery.

In this process, the first step is to hydrolyze or break down complex organic material into 
simpler compounds.

The second step is to ferment these simpler sugars into small chain fatty acids which are 
then treated by acetogenic bacteria to produce hydrogen, acetic acid, and carbon dioxide.

Finally the hydrogen, acetic acid and carbon dioxide are fed to methanogenic bacteria to 
generate methane and more carbon dioxide.





Stoichiometric equation for taking algae and water, via anaerobical digestion to methane 
and other products.

The table shows heating value outputs of algae from anaerobic digestion as well as other 
common methods to convert algae into a source of energy.







Two algal species obtained from researchers at Air Force Research Laboratory, Tyndall AFB. 
These two species were model species chosen for energy harvesting because of favorable 
traits in oil production capacity as well as overall growth rate.





Process flow taking purchased quantity of algae (10 mL vial) and growing into a useful 
source of algae to be processed into energy.
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Process for taking algae from a raceway reactor and concentrating the cells into a more‐
manageable volume.



Images of algae after they have been settled, decanted and harvested.





Pictures of anaerobic digestion, bench‐scale version, and methane collection apparatus.







This chart shows the cumulative volume of methane produced during digestion of algae.  
After initial buildup of bacteria concentration a fairly constant linear volume of methane 
was produced every day.



Chemical oxygen demand showing the amount of nutrients available for degradation into 
methane.  At midpoint of the experiment there was a peak of COD suggesting that most of 
the algae had been broken down into useable sugars and ready for further conversion into 
methane.  After that point sugars began to break down showing a decrease in overall COD, 
while still having quantities of fatty acids available for methanogenesis.



PH change is due to the conversion of sugars into acid and to methane.










